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We had considered RC to the virtual Compton scattering in the high-energy limit
including additional hard photon emission in leading logarithmical approximation.
Our result is consistent with Drell-Yan picture of the process and expressed in terms
of electron structure function. The comparison with previous work on VCS is done.
I. INTRODUCTION
The QED radiative corrections (RC) to virtual Compton scattering (ep → epγ) was
calculated in lowest order in [1], where the detailed study of one-loop virtual corrections
including first-order soft photon emission contribution was done. Besides that, in that work
the radiative tail corresponding to the case of hard photon for collinear kinematics was
considered, and results were compared with experimental data.
Results, obtained in our paper (virtual and soft photon emission corrections) in high
energy limit are in agreement with the results of [1]. Nevertheless, we believe that investi-
gation of RC was not done completely in [1]: the emission of additional hard photon was
not considered as well as estimation of higher order contributions. This is motivation of our
paper.
The paper organized as follows: In part 2 we consider Born approximation of the process
and relevant kinematics. In 3 part we consider the contributions of three gauge invariant
classes of 1-loop virtual corrections. In part 4, 5 the soft and additional hard photon emission
in collinear kinematics is considered. Aso we take into account the Dirac form-factor contri-
bution. In part 6 we reveal the form of RC in leading logarithmical approximation, which
is consistent with renormalization group approach and perform the relevant generalization
for all orders in leading logarithmical approximation (LLA) in forms of electron structure
functions. In conclusion we consider some realistic model for quark-quark scattering with
hard photon emission. The value of K-factor can be inferred in principle, combining the
results of [1] and nonleading contributions arising from 2 hard photon emission corrections.
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Fig. 1: Born FD for virtual Compton scattering.
We gave the explicit expression for DVCS contribution for the case eµ→ eµγ scattering,
which can be considered as a model for ep→ epγ process.
II. BORN APPROXIMATION
We specify the kinematics of the virtual Compton scattering process
e−(p−) + p−(q−)→ e−(p
′
−
) + p−(q
′
−
) + γ(k1), (1)
as follows:
p2
−
= m2, p
′2
−
= m2, k21 = 0,
χ− = 2k1 · p−, χ
′
−
= 2k1 · p
′
−
, χ˜− = 2k1 · q−, χ˜
′
−
= 2k1 · q
′
−
,
s = (p− + q−)
2, s1 = (p
′
−
+ q
′
−
)2, t = −q2 = −2p− · p
′
−
, (2)
t1 = −q
2
1 = −2q− · q
′
−
, u = −2p− · p
′
−
, u1 = −2p
′
−
· q−,
where m is the electron mass. Throughout the paper we will suppose
s ∼ −t ∼ −t1 ∼ −u ∼ −u1 ∼ χ− ∼ χ
′
−
≫ m2. (3)
The value of electronic DVCS tensor in Born approximation reads (see fig.1a,b):
Ebornµνρ (p−, k1, p
′
−
) = Sp pˆ
′
−
(Qν γˆµ +
γˆµkˆ1γˆν
χ−
+
γˆν kˆ1γˆµ
χ
′
−
)pˆ−γˆρ , (4)
Qν =
(
p
′
−
p
′
−k1
−
p−
p−k1
)
ν
,
which obeys the gauge conditions
Ebornµνρ k1ν = 0, E
born
µνρ qµ = 0, E
born
µνρ q1ρ = 0. (5)
3Fig. 2: Some 1-loop FD for virtual Compton scattering.
III. 1-LOOP VIRTUAL CORRECTIONS
In LLA α
π
ln q
2
m2
e
∼ 1, α ≪ 1 only FD with single photon exchange between hadron and
electron blocks (see fig.2) contribute to cross-section. In our consideration we omit the FD
with two virtual exchanged photons. In our paper [2], [3] we demonstrate the cancellation
of all such a contributions including soft and hard photon emission amplitude exchanged
between electron and muon blocks.
In real calculations we can consider only FD shown at fig.2. The total contribution to
DVCS tensor can be restored from the interference of these amplitudes (fig.2) with Born one
(fig.1c or d):
Evirtµνρ = (1− P (p− → −p
′
−
, p
′
−
→ −p−))M
γ
µν(Mρ)
⋆ (6)
Matrix element describing electron self-energy insertion (see fig.2c,d) and vertex function
of real photon emission by initial electron have a form:
α
2pi
u(p
′
−
)γµ
[
A1
(
eˆ− kˆ1
ep−
k1p−
)
+ A2kˆ1eˆ
]
u(p−). (7)
Contribution of structure A1 disappears in the limit me → 0 [4], whereas A2 survives,
providing the contribution to DVCS tensor:
Evirt1µνρ = 8
α
2pi
1
χ−
(ln
χ−
m2e
−
1
2
)
1
4
Sp pˆ
′
−
γˆµkˆ1γˆν pˆ−γˆρ , (8)
Contributions of virtual photon emission vertex type FD (fig.2a) as well as box-type (fig.2b)
have a form:
Evirt2µνρ = 2
α
pi
∫
d4k
ipi2
{
S1
χ−
+
S2
(p− − k)2 −m2e
}
1
(k2 − λ2)((p− − k)2 −m2)((p− − k1− k)2 −m2)
(9)
4where
S1 =
1
4
Sp pˆ
′
−
γˆλ(pˆ
′
−
+ kˆ)γˆµ(pˆ
′
−
− kˆ1 − kˆ)γˆλ(pˆ− − kˆ)γˆν pˆ−γˆρ , (10)
S2 =
1
4
Sp pˆ
′
−
γˆλ(pˆ
′
−
+ kˆ)γˆµ(pˆ
′
−
− kˆ1 − kˆ)γˆν(pˆ− − kˆ)γˆλpˆ−γˆρ .
Their calculation require scalar, vector and tensor (up to three rank) integrals with three
and four denominators, listed in [4].
The sum of all vertex contributions except only FD with Dirac form-factor (with loga-
rithmical approximation) are:
Evirtµνρ = E
virt1
µνρ + E
virt2
µνρ = E
0
µνρ(−
1
4
ln2
−t
m2e
+
1
2
ln
m2e
λ2
(ln
−t
m2e
− 1)−
3
4
ln
−t
m2e
). (11)
In this expression was used the assumption that all term proportional to k1ν is equal to zero.
It is validate due to real photon k1, for which k
2
1 = 0.
IV. SOFT PHOTON AND DIRAC FORM-FACTOR CONTRIBUTIONS
Finally we must consider the vertex-type corrections to electron scattering vertex without
real photon emission and the contribution of additional soft photon emission with energy
nit exceeded ∆ε
Both these contributions are proportional to Born DVCS terms:
Esoft+Dµνρ = E
0
µνρ
(
α
pi
Γ1(q
2
1) + δsoft
)
, (12)
δsoft =
4piα
(2pi)3
∫
d3k2
ω2
(
p−
2p−k2
−
p
′
−
2p
′
−k2
)2∣∣∣∣
ω2≪∆ε
where
α
pi
Γ1(q
2
1) =
α
pi
[
(ln
me
λ
)(1− ln
−q21
m2e
)−
1
4
ln2
−q21
m2e
−
1
4
ln
−q21
m2e
+
pi2
12
]
, (13)
δsoft = −
α
pi
[
(ln
−q21
m2e
− 1) ln
(∆ε)2m2e
λ2ε−ε
′
−
+
1
2
ln2
−q21
m2e
−
1
2
ln2
ε
′
−
ε−
−
pi2
3
+ Li2(cos
θ
2
)
]
,
Here θ is electron scattering angle, ε−, ε
′
−
are energies of initial and scattered electrons (in
cms of electron and proton).
Combining all contributions containing large logarithms, we arrive to the lowest order
expansion of r.h.c. which does not contain auxiliary parameter λ. General statement about
5renormalization group approach and the Drell-Yan picture of cross-section provides the
validity of our result in LLA at all orders of perturbation theory.
Esummedµνρ = E
virt
µνρ + E
soft+D
µνρ = E
0
µνρ(ln
(∆ε)2
ε−ε
′
−
(ln
−t
m2e
− 1) + 6 ln
−t
m2e
). (14)
V. ADDITIONAL HARD PHOTON CONTRIBUTION
Contributions arising from additional hard photon emission with energy ω2 > ∆ε can be
put in two parts. One, corresponding to collinear kinematics, contain a large logarithm of
type ln −t
m2
e
can be found using the quasireal electron method [5]. It has a form:
α
pi
1−∆1∫
0
dxP (x) ln
−t
m2e
E0µνρ(p−x, p
′
−
, k1), (15)
for the case of photon emission close to initial electron, and
α
pi
1−∆2∫
y
dz
z
P (
y
z
) ln
−t
m2e
E0µνρ(p−,
z
y
p
′
−
, k1), (16)
for the case of photon emission close to scattered electron with
∆1 =
∆ε1
ε−
, ∆2 =
∆ε2
ε
′
−
, P (z) =
1 + z2
1− z
. (17)
Contribution from noncollinear kinematics does not contain large logarithms.
VI. DRELL-YAN PICTURE OF THE PROCESS
By summing up all contributions , we can put the cross section of the radiative production
in the form of Drell-Yan process:
Eµνρ(p−, p
′
−
, k1) =
1∫
0
dxD(x)
1∫
y
dz
z
D(
y
z
)
E0µνρ(xp−,
z
y
p
′
−
, k1)
q2(x, z)q21(x, z)
(18)
D(x) = δ(1− x) +
α
2pi
P (1)(x)(ln
−t
m2e
− 1) + ....,
P (1)(x) = lim
∆→0
[
(ln
∆ε
ε
+ 3)δ(1− z) + Θ(1− z −∆)
1 + z2
1− z
]
=
(
1 + x2
1− x
)
+
.
Here we define
q(x, z) = xp− −
z
y
p
′
−
, q1(x, z) = q(x, z)− k1. (19)
6VII. CONCLUSION
We calculate the VCS for high-energy limit. Also we include additional hard photon for
the case of collinear emission. Sum of all contributions (including soft photon emission) does
not depend on fictitious photon mass λ and is consistent with renorm group prediction.
As a realistic hadronic tensor we can consider the case of muon-electron radiative scat-
tering, which can be naive model for quark-electron scattering:
e−(p−) + µ−(q−)→ e−(p
′
−
) + µ−(q
′
−
) + γ(k1), (20)
By combining our DVCS tensor with ”quark” one
Hµνρ = Sp qˆ
′
−
(Qν γˆµ +
γˆµkˆ1γˆν
χ˜−
+
γˆν kˆ1γˆµ
χ˜
′
−
)qˆ−γˆρ , (21)
Qν =
(
q
′
−
q
′
−k1
−
q−
q−k1
)
ν
,
Hµνρk1ν = 0, Hµνρq1µ = 0, Hµνρq1ρ = 0,
the relevant DVCS contribution to summed square of matrix element are (see fig.1a,b,c,d,
we consider only interference between FD with emission from muon and electron blocks):
∆|M |
2(eµγ)
DV CS =
16(4piα)3
tt1
(s2 + s21 + u
2 + u21)
[
s
χ−χ
′
−
+
s1
χ˜−χ˜
′
−
+
u
χ˜
′
−χ−
+
u1
χ
′
−χ˜−
]
, (22)
(dσ)eµγDV CS =
1
8s
∆|M |
2(eµγ)
DV CS
(1−Π(t))(1− Π(t1))
dΓ,
and here
dΓ =
d3p
′
−
2ε
e
′
−
d3q
′
−
2ε
q
′
−
d3k
2ω
δ4(p− + q− − p
′
−
− q
′
−
− k1)
(2pi)5
. (23)
Formula (18) combining with (21) for eµ→ eµγ process is consistent with corresponding
part of Drell-Yan picture formula in paper [2], the whole part of which included also all
contributions from ”box” diagram and photon emission from muon line.
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